Shandong Province is one of the important provinces on the eastern coast. The total GDP is ranked third in the whole country. Since 2000, urbanization in Shandong Province has entered a period of rapid development, and the urban system has evolved into a focus. At present, there are relatively few research papers on urban system structure in China, and most of the focus is on urban agglomeration and urban circle research. Therefore, based on the socio-economic data of 17 cities from Shandong province, this paper aims to analyze the evolution of the urban system. From the aspect of economic spatial structure, we adopt principal component analysis (PCA) to obtain comprehensive score of economic scale and urban centrality of each city. It shows that Shandong province has developed from a dual-core urban system to a quad-core urban system. These four cores are Qingdao, Jinan, Weifang and Yantai. However, the gap of economical scale between Qingdao and Jinan is still relatively large. Based on the Economical Gravity Model, we obtain the strength of economic linkage between every two cities. It shows that the economic linkage of central Shandong and coastal areas is more concentrated, while economic linkage of southern Shandong is less concentrated. Overall, the urban system of Shandong Province has no obvious core cities and tends to be multi-core distribution. However, the four regional central cities described above are located in the central part of Shandong Province and the coastal peninsula, while the vast northern and southern parts of Shandong Province do not have a regional central city.
1.Introduction
In China, since the late 1980s, research on urban architecture has become a hot topic. Scholars use a variety of perspectives to analyze the spatial structure of urban systems.
Based on the hierarchical structure of population size, Sun scholars analyze the evolution of spatial structure of Chinese urban agglomerations based on the single-center-multi-center perspective of population distribution. [1] Sun Tieshan scholars have found that there is an inverted U relationship between economic spatial agglomeration and regional economic growth. There is also an inverted U relationship between the evolution of agglomerated spatial structure and regional economic development. [2] Based on the gravity model, Dong Qing have found that he spatial structure and spatial interaction of Chinese urban agglomeration system have obvious positive correlation. [3] ,and Zhang suggested that generally the spatial structure of these towns in Shanxi showed the tendency gradually [5] analyzed the spatial structure of the Shandong Peninsula urban agglomeration. Yu Lanjun [6] and Guo Yuming [7] analyzed the urban spatial structure of Shandong Province and gave optimization suggestions.
Shandong is located in the eastern coast of China, downstream of Yellow River, north of Taihang Mountain. In terms of total population and GDP, there is no doubt that Shandong province is a province with strong comprehensive strength. In this paper, socio-economic data of each city which were acquired from Shandong Statistical Yearbook between 2009 and 2017.
Methodology

Principal component analysis (PCA)
Principal component analysis (PCA) [8] is a classic method in multivariate statistical analysis, which is the most suitable method for the analysis and calculation when there are some correlations between variables. the basic idea is that the linear transformation is used to gather indicators by abnegating a small part of the information and replacing the original index with several synthetic indexes. the comprehensive index is highly unrelated to each other, so that the high dimensional index data can be simplified in the best way.
Obtaining the spatial distribution of economic scale based on PCA.
To obtain the spatial distribution of economic scale of 17 cities in Shandong province ,we get every city's comprehensive score in 2009,2011,2013,2015 and 2017 respectively by PCA method and show these scores in the thematic map by ArcGIS, which can obviously and directly show the evolution of the spatial distribution of economic scale from 2009 to 2017 .
5 indicators are used to present the economic scale of city and calculate comprehensive score of every city, including regional gross domestic product, total retail sales of consumer goods by region, total export value by region, total investment in fixed assets by region, general public budget revenue by region.
The process of data will be completed by Matlab, which is a powerful statistical software. First, these original indicators data should be normalized. Then, using PCA to deal with the data after normalization, we obtain every city's comprehensive score of economic scale in 2009,2011,2013,2015 and 2017.
We classify the comprehensive score of every city in 2009,2011,2013,2015 and 2017, then we obtain the line chart(figure.1), from which we can see the evolution of every city's economic scale during 2009-2017. The calculated comprehensive scores of each city are assigned to the corresponding administrative areas on the map, which aims to realize the correlation between economic data and spatial data and generate the spatial distribution of economic scale thematic map. According to the comprehensive score of each city, cities with comprehensive score above 2.5 are high-grade economic scale cities, and cities with comprehensive score of 1.5-2.5 are medium-grade economic scale cities, and cities with 
Obtaining the spatial distribution of urban centrality based on PCA.
As an important concept of urban geography, urban centrality [1] means the relative importance of a city as the provider of central goods and service in excess of the needs of its own residents. The concept of centrality is widely used in the study of cities system.
In this paper, we acquired the gross domestic product by region, non-agricultural population, tertiary industry gross output value, total investment in fixed assets by region, amount of contracted foreign capital in 2015 and 2017 from Shandong statistical yearbook to calculate the urban centrality index of each city.
The process of PCA was performed with Matlab software to obtain the comprehensive score of each city, which can represent the urban center functional degree of city. Results of the data process are as follows (table1, table2). 
Economical Gravity Model
Based on the economical gravity model, this paper measures the strength of urban economical linkage and disparity characteristics between every two cities in Shandong Province in 2015.The economic gravity model is expressed as follows: = √ ( * * * )/ (1) , are population of city i and city j, respectively. , are gross domestic product of every city.
is the spatial distance between city i and city j. Based on the above economical gravity model, we obtain the strength of economical linkage between every two cities. Then, we link the strength of economical linkage with thematic map to show the spatial characteristics of the strength of The strength of economic ties between every two cities between every two cities. We use the width of the line to indicate the size of gravity. The result is showed in figure 7 below: 
Result
From the aspects of time series, Qidao, Yantai, Jinan and Weifang always occupy the top 4. It is obvious that Qingdao has been promoting its economic, because of the increase of comprehensive score during 5 years.
We can see that spatial distribution of economic scale is imbalance. High-grade economic scale cities are located in the eastern coastal areas of Shandong and the middle of Shandong (Qingdao, Yantai, Jinan and Weifang), which driven the economic development of these region. Low-grade economic scale cities are located in the north and south of Shandong, which cause the low-speed economic development of these area because of lacking of leading cities.
We can also find cities with close spatial distances. The stronger the economic connection between them, and the weaker the economic connection as the spatial distance increases. Jinan has strong economic ties with the surrounding cities. Qingdao has the closest connection with Weifang.
Conclusion
The economic spatial structure of the urban system in Shandong Province tends to multi-level nuclear development, from the Jinan-Qingdao dual-core model to four distinct cores -Jinan, Qingdao, Yantai, Weifang. On the whole, the urban system of Shandong Province has formed a peninsula city group with
